Several parameters are needed to describe the converted-wave (C-wave) moveout in processing multicomponent seismic data because of the asymmetric raypath and anisotropy. The more parameters which are used, the greater is the complexity when processing C-wave data. This paper develops a new moveout equation with two parameters for C-wave in VTI media: C-wave stacking velocity (V C2 ) and the squared velocity ratio (γ vti ) between the horizontal P-wave velocity and C-wave stacking velocity. The new equation can describe the non-hyperbolic moveout due to asymmetric raypath and anisotropy with accuracy about x/z=2.0. Besides, the form of the new equation is the same as that in layered isotropic media. Accurate V C2 and γ vti can be deduced from C-wave data alone by doublescanning, which can be used for moveout correction and registration between P-and C-wave data. We verify the application of the new equation and the accuracy for parameter estimation with both synthetic and real data. The new equation simplifies the procedure of C-wave processing and parameter estimation in VTI media, and can be applied to real C-wave datasets.
Introduction
In recent years, C-wave exploration has been successfully applied to imaging through gas clouds, detecting fractures and predicting fluid (Li and Zhang, 2011) . The C-wave moveout equation is the key for velocity analysis and imaging. Intensive research has been carried out over recent years on the expression of the moveout equation. Tsvankin and Thomsen (1994) gave the general form of C-wave equation for vertical transverse isotropy (VTI), and Thomsen (1999) derived a simplified form, followed by Cheret et al. (2000) with a three-parameter equation. Based on that work, Li and Yuan (2003) derived a four-parameter equation, which is accurate for x/z =2.0, and Li (2003) derived a twoparameter equation for isotropic media, but it is only valid for x/z = 1.5. When more parameters are used to describe the moveout equation, the equation becomes more accurate. However, parameter estimation become more complicated, and these parameters are difficult to estimate from C-wave data, even combined with P-wave data. In this paper, a new two-parameter moveout equation is derived for VTI media with accuracy about x/z = 2.0. The parameters can be estimated from C-wave data alone. We demonstrate its application both in synthetic and real data.
Method and Theory
For multi-layered VTI media, we introduce a new parameter γ vti , defined as the squared velocity ratio between the horizontal P-wave velocity (V ph ) and C-wave stacking velocity (V C2 ). For layered VTI media, V ph has the heuristic expression with (1 2 ) (1 2 )
(1) where, 
V P2 and V S2 denote the P-and S-wave stacking velocity respectively. V Ph is the horizontal P-wave velocity. γ 0 , γ 2 and γ eff stand for the vertical, stacking (rms) and effective velocity ratio, respectively. γ iso is the P-and S-wave velocity ratio of equivalent single isotropic media (Li, 2003) . In the isotropic case, γ vti = γ iso . η eff, and χ eff stand for the effective anisotropic parameters of P-and C-waves, respectively, satisfying,
(3) Submitting γ vti and Equation (3) into the four-parameter equation (Li and Yuan, 2003) gives a new two-parameter equation, (4) has the same form as the isotropic equation (5, Li, 2003) .
Accuracy of the new equation
Firstly, we check the accuracy of the new equation (4) in different kinds of single layer VTI media shown in Table 1 . The thickness is 500m. As shown in Figure 1 , the new two-parameter equation (4) is accurate for offsets three times the reflector depth (x/z = 3.0), except in the second medium, which is thought to be a special case because of its negative σ or η. Thomsen (1986) and Grechka and Tsvankin (2002) . (4) Then, we compare the new two-parameter equation's accuracy with the four-parameter equation (Li and Yuan, 2003) and the two-parameter equation (Li, 2003) in a three-layer VTI model. The model parameters are shown in the first three rows in Table 1 . In the multi-layer case, the accuracy of the new two-parameter equation (4) (Figure 2a) is lower than the four-parameter equation (Figure 2b) , about x/z = 2.0, but higher than the previous two-parameter equation (Li, 2003) , which is about x/z=1.5. Therefore, when a two-parameter equation is needed, γ vti is better than γ iso . Figure 1 .
(a) (b) (c) Figure 2 Accuracy of moveout approximations for the three-layer model which are from the first three materials in Table 1. The thickness of each layer is 500m. Three curves stand for different layers: red line-the first layer; blue line -the second layer; black line-the third layer. The three approximate equations are: (a) new equation (4); (b) the four-parameter equation of Li and Yuan (2003); (c) the equation (5). The meaning of the axis is the same as that in

Implications for parameter estimation
Here, we use the three-layer model with the first three media in Table 1 to demonstrate the use of equation (4) for velocity analysis and moveout correction. Figure 3a shows the synthetic C-wave gather with normalized amplitudes used for analysis. Based on equation (4) Once V C2 and γ vti are determined, converted wave moveout can be corrected using equation (4). For comparison, four types of moveout correction are applied to the synthetic gather in Figure 3a . Figure  4 shows that equation (4) is accurate when x/z<2.0, almost the same as that using the four-parameter equation. (5), (c) the fourparameter equation (Li and Yuan ,2003) ,
and (d) the equation (4).
A real data example
A land C-wave dataset is used to illustrate the application of equation (4). Figure 5a shows one common converted point gather (CCP). Figure 5b shows the results of hyperbolic processing, ignoring the effect of asymmetric raypath and anisotropy. Serious stretch can be seen in the red rectangle area, where heavy mute is required, and only events at near offset are flattened. Figure 5c shows the results of the isotropic two-parameter equation (Li, 2003) , considering the asymmetric path but ignoring the anisotropy. Stretch cases have been reduced, and the valid ranges have been extended, but the events in far offset are not flattened like the events in the red rectangle. Figure 5d shows the results of the equation (4), accounting for both asymmetric path and anisotropy. The events shown in the red rectangle have been flattened even in far offset. So we can conclude that equation (4) can be applied to C-wave data, and γ vti is more accurate than γ iso especially in anisotropic cases. 
Conclusions
The new equation (4) for layered VTI media has the same form as the equation for layered isotropic media (Li, 2003) . Only two parameters (V C2 and γ vti ) are needed in the new equation, less than other moveout equations, but the accuracy is sufficient for processing (about x/z=2.0). V C2 and γ vti can be estimated by double-scanning from C-wave data alone. The estimated parameters can be used for moveout correction and registration between P-and C-wave data. This simplifies the procedure for parameter estimation and C-wave processing, which has the potential to be evolved into a standard approach. We demonstrate the application of the two-parameter equation in both synthetic data and realistic data, with satisfactory results.
